Introduction
COPD is associated with a large disease burden. An estimated 328 million people worldwide have COPD, 1 and the day-to-day impact of the disease can be debilitating for these patients. COPD is associated with significant health care costs of $18 billion annually in the USA, and globally it accounts for 29.4 million years lost because of disability. 1 The current Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines grade the severity of COPD based on spirometry assessment to assess the severity of airflow limitation and use criteria based on symptoms and exacerbations in the previous year to estimate the risk of future exacerbations. 2 GOLD recommends assessment of symptoms, including cough and/or sputum production, by using validated patient questionnaires, such as the COPD Assessment Test (CAT) or the modified Medical Research Council (mMRC) dyspnea scale. 2 This symptom assessment and history of exacerbations (which are indicative of symptom worsening) are important factors for predicting deterioration in lung function and likelihood of future exacerbations.
Either a short-or long-acting bronchodilator is the initial treatment option for relief of breathlessness for patients with COPD, with a long-acting bronchodilator recommended for patients with more persistent symptoms. 2 Dual therapy (any combination of two maintenance treatments, including inhaled corticosteroids [ICS] , long-acting β 2 -agonists [LABA], or long-acting muscarinic antagonists [LAMA] ) is recommended for patients with persistent breathlessness on monotherapy, and triple therapy (any combination of ICS, LABA, and LAMA) is recommended for patients who develop further exacerbations while on dual therapy. 2 Both dual and triple therapy treatment regimens have been shown to improve the symptoms of patients with COPD. 2, 3 However, some patients receiving dual or triple therapy report still suffering from a considerable symptom burden that adversely affects their health-related quality of life (HRQOL) and leads to increased morbidity. 4 For these patients, currently available medications may not be sufficient to provide relief from symptoms or to stabilize disease.
The aim of this study was to further assess the symptom burden of patients with COPD who were receiving dual or triple therapy. We sought to provide evidence of burden of disease in a real-world clinical setting to further characterize the current symptom burden and unmet treatment need for patients with COPD from Europe, Japan, China, and the USA.
Patients and methods
For these analyses, we used data from the Adelphi Real World Respiratory Disease Specific Programme (DSP). 5 DSP is a real-world, point-in-time, patient record-based survey. The DSP provides impartial observations of realworld clinical practice from a physician and matched-patient viewpoint, and is an established method for investigating multicenter patient characteristics and treatment practices for common chronic diseases. DSPs in respiratory disease were conducted in Quarter 4 (Q4) 2013, Q4 2014/Quarter 1 (Q1) 2015, and Q4 2015/Q1 2016. The Respiratory DSPs collected information from patients diagnosed with COPD who were consulting their health care professionals for routine care.
The primary objective of this study was to assess the symptom burden of patients with COPD who were receiving dual or triple therapy and had a forced expiratory volume in 1 second (FEV 1 ) ,65%. Exploratory objectives included assessments for patients with low, moderate, or high treatment adherence and those with differing levels of lung function and length of dual or triple treatment.
All patients included in the Respiratory DSP provided written informed consent to participate. Because this study was a retrospective analysis of secondary data, we had no access to any medical or other patient records or to data sources containing patient or participating physician information. All patient management and treatment choices were at the discretion of the physician, and no tests or measurements were performed as part of the survey.
ethical approval
The DSP was conducted as a survey that adhered to market research guidelines and the international code of conduct for observational research from the International Chamber of Commerce/European Society for Opinion and Marketing Research. 6 Therefore, ethical approval was not necessary to obtain and was not sought. Patients provided informed consent to participate in the survey via a tick box on the front of the patient self-completion questionnaire. All data were anonymized and aggregated prior to receipt by Adelphi Real World.
DsP survey population
Primary care physicians and pulmonologists were qualified to participate in the Respiratory DSP if they were responsible for treatment of patients with COPD, qualified as a medical doctor 5-35 years ago, and saw $3 patients with COPD per month.
study population
A pooled data set from the three surveys was created to analyze cross-sectional data related to patient characteristics of a large, robust study population. Patients from Europe (France, Germany, Italy, Spain, and the UK), Japan, China, and the USA were included. The following inclusion criteria were used to select patients for the primary study population: physician-confirmed diagnosis of COPD; physicianrecorded post-bronchodilator FEV 1 #65% predicted (this requirement was removed in sensitivity analysis); and currently prescribed dual therapy (any combination of two maintenance treatments, including ICS, LABA, or LAMA) or triple therapy (any combination of ICS, LABA, and LAMA) for $3 months. Patients declining to complete a patient self-completion questionnaire were excluded from 
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symptomatic burden of COPD the analysis to limit the amount of missing information for the study population.
study variables and analysis
Participating physicians completed patient record forms for five consecutive consultations with patients with COPD. Physicians recorded demographics; clinical characteristics, such as exacerbation history; and treatment information. Patients completed disease-related questionnaires, including a patient self-completion questionnaire (detailing the nature of symptoms and the impact on daily activities), and the following validated questionnaires: Morisky Medication Adherence Scale 8 (MMAS-8), [7] [8] [9] CAT, 10 mMRC dyspnea scale, 11 and Jenkins Sleep Evaluation Questionnaire (JSEQ).
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The MMAS-8 consists of eight items that provide a score from 0 to 8; patient adherence to treatment is classified as low (,6), moderate (6-7), or high (8) . 7 The CAT patient-reported outcome is an established tool for monitoring COPD. It consists of eight items, each with a 6-point differential scale that produces a score from 0 to 40. A higher score indicates a more severe impact of COPD on the patient's life. 10 The mMRC dyspnea scale consists of five statements about the impact of breathlessness and results in a grade from 0 to 4, where grade 0 equates to the patient experiencing breathlessness only during strenuous exercise and grade 4 equates to the patient being too breathless to leave the house/breathless when dressing. 11 An mMRC $2 is associated with a moderate to severe level of dyspnea. The JSEQ consists of four statements regarding sleep disturbance, which patients score by the frequency of experience; total scores range from 0 (no sleep disturbance) to 20 (22-28 days of disturbed sleep for all four statements). 12 Each variable was described using the maximum available sample size; therefore, sample sizes varied from one variable to another, depending on the quantity of missing data. All analyses were conducted by the Adelphi Real World statistical department using Stata 14.2 or later. 13 All code and result files were saved and are replicable. Descriptive statistics (univariate and bivariate) were used to examine symptom burden across a range of symptom-related characteristics.
sensitivity analysis
In addition to the overall population, patient characteristics and symptom burden were also assessed for patients categorized by GOLD ABCD group (defined by exacerbation risk and CAT score) 2 to provide characterization based on symptoms and exacerbation risk, together with categorization based on treatment adherence (determined by the MMAS-8 score). Patients with COPD on dual or triple therapy regardless of FEV 1 status and those with FEV 1 #65% receiving dual or triple therapy for a minimum of 6 months were also assessed.
Results

study population
During the observation period (2013-2016), 7,094 patients were diagnosed with COPD and completed a patient selfcompletion questionnaire. Of these patients, 690 met the inclusion criteria for the primary study population. The main reason for exclusion was missing lung function data/ FEV 1 .65% (n=4,121); other patients were excluded because they had not been on dual or triple therapy for .3 months or they had missing duration data. Corresponding information relating to these patients was provided by 436 physicians. Removal of the inclusion criteria for FEV 1 resulted in a population of 2,954 patients.
The mean age of the primary study population was 68.2 years; 73.3% were male, and 26.4% were current smokers (Table 1) . Most patients had one or more comorbidity (74.8%). Cardiovascular conditions were the most common concomitant condition; 64.6% of patients had concomitant hypertension (Table 1) . Most patients were under a pulmonologist's care (77.1%; Table 1 ).
In the population of patients with COPD on dual or triple therapy for a minimum of 3 months regardless of FEV 1 status, patient characteristics were similar to those of the primary study population ( Table 1 ). The study population with FEV 1 #65% and on dual or triple therapy for a minimum of 6 months was also similar to the primary study population (Table 1) .
Treatment
In the primary study population, 41.4% and 58.6% of patients were on dual and triple therapy, respectively (Table 1) . ICS/ LABA (fixed-dosage combination) was the most common dual therapy (41.6%) and ICS/LABA plus LAMA was the most common triple therapy (88.9%) prescribed to patients. The percentages of patients receiving triple therapy in each of the GOLD ABCD categories were as follows: group A, 35.7%; group B, 50.4%; group C, 83.3%; and group D, 66.6%.
For the sensitivity analysis populations, 52.9% and 47.1% of the overall population regardless of the FEV 1 status were receiving dual and triple therapy, respectively. Of patients with FEV 1 #65% on treatment for $6 months, 41.3% and 58.7% were receiving dual and triple therapy, respectively (Table 1) . 
Treatment adherence
In the primary study population, 613 patients had completed MMAS-8; 185 patients were highly adherent to treatment (30.2%). The mean age of patients highly adherent to treatment was 67.4 years; 72.4% were male, 26.8% were current smokers, and 68% suffered from concomitant hypertension. These patient characteristics were similar to those of the overall patient population.
Timing of symptoms and frequency of reliever usage
In the primary study population, symptoms occurred most frequently during winter (91.7%) and autumn (62.0%) months (Table 2) . Of these patients, 56.7% reported that their symptoms occurred mainly during daytime hours, whereas 38.5% of other patients had equal daytime and nighttime occurrences. Use of a reliever inhaler at least once a week was reported by 67.1% of patients. Patients with greater maintenance medication adherence tended to use their reliever inhaler less frequently than those with lower adherence (Table 3) . However, of patients with high adherence, 59.4% still reported using their reliever at least once a week and 33.3% used a reliever inhaler three to six times a week or every day.
symptom burden
In the primary study population, 45.1% were dissatisfied with their treatment but considered that they were receiving the best possible control that they could, and 11.1% were dissatisfied but believed that better control was possible ( Table 2) .
Shortness of breath during exertion/exercise was the most common troublesome symptom reported by patients (52.3%; primary study population) during the preceding 4 weeks. Many patients reported experiencing a constant lack of energy (44.9%), tiredness through lack of sleep (30.6%), and were scared or worried about their own condition (31.1%; Table 2 ). More than half of the patients also reported that COPD at least occasionally affected their leisure/personal time (69.8%) and work (55.9% [if in work]; Table 2 ). Physician-reported perceived impact of COPD on the patient's HRQOL results was similar to that self-reported by patients (Table 4) , as was the one reported by patients in the study population, regardless of the FEV 1 status or duration of treatment (Table 2 ). In the high-treatment adherence category, 58.9% of patients also reported that they experienced shortness of breath during exertion/exercise as their most common symptom experienced in the previous 4 weeks and that they experienced a constant lack of energy (42.2%).
More than half of the patients in the primary study population had CAT scores .20 (64.4%; Table 2; Figure 1 ) from a possible total score of 40, indicating a large or very large impact of COPD on the patient's health status.
14 More than 50% of patients had mMRC dyspnea scale scores $2, indicating that many patients suffer a degree of breathlessness. 15 The mean JSEQ score was 6.1 out of a possible total score of 20, indicative of experiencing sleep disturbance (Table 2) . 12 Similar results were observed for the study population, regardless of the FEV 1 level or duration of treatment (Table 2 ). For patients categorized by GOLD ABCD group, .50% of patients in GOLD groups B and D had CAT scores .20 (57.9% and 78.5%, respectively) and .50% of patients in GOLD group D had mMRC dyspnea scale scores $2 (Table 5) .
Although there was some improvement in patient burden with increased medication adherence in the primary study population, substantial burden remained for patients who were most adherent. More than half of these patients (64.2%) had a CAT score .20 (Table 3 ; Figure 1 ) and 54.2% had an mMRC dyspnea scale score of $2 (Table 3) .
Discussion
The results of this analysis, using data collected via physician-and patient-reported questionnaires, highlight the large symptom burden experienced by patients with COPD. The use of dual and triple therapy treatment has been associated with clinically meaningful improvements in lung function and HRQOL and reduced exacerbations in patients with COPD.
2,3 However, we found that despite receiving dual or triple therapy, some patients with COPD and FEV 1 #65% reported a significant burden of symptoms that affected their everyday lives. This symptom burden was also significant in those with good treatment adherence. More than half of this patient population presented with CAT scores .20 (64.4%) and mMRC dyspnea scale scores $2 (56.3%). This large symptom burden was experienced by patients regardless of their lung function and by those who had been receiving treatment for a minimum of 6 months.
Previous studies examining the burden of symptoms for patients with moderate/severe COPD have reported similar results to our findings, such as approximately half of the patients having an mMRC dyspnea scale score $2 and associated greater CAT score. 16, 17 However, these studies have often been limited to national data or evaluation of a limited number of symptoms. [16] [17] [18] [19] Uniquely, this study used treatment as a criterion for analyses of symptom burden applied to a worldwide patient population. The findings highlight the large unmet need for further treatments for symptom control in patients with COPD, whose disease significantly affects their daily lives despite receiving current standard-ofcare therapy for severe disease. The disease characteristics and symptom burden for the secondary study populations (those without an FEV 1 inclusion criterion and those who had been on medication for a minimum of 6 months) were similar to those of the primary study population. These similarities demonstrate that the large burden of symptoms for patients with COPD is not restricted to those with reduced lung function, those with suboptimal adherence to treatment, or those who have been on dual or triple therapy for ,6 months.
In this study population, symptoms occurred most frequently during daytime hours and the autumn and winter months. These results are consistent with previous studies. The ASSESS study reported that despite regular treatment, 90.5% of patients with stable COPD experienced symptoms at some point during the day, 20 while the TORCH long-term international study demonstrated an increased risk of COPD exacerbations in the winter months in northern (Canada, China, 26 eastern and western European countries, and the USA) and southern (Argentina, Australia, Brazil, Chile, New Zealand, and South Africa) regions. 21 Our results on the prevalence of daytime/nighttime symptoms, breathlessness being the most common symptom, prevalence of sleep impairment, and more than half of patients being dissatisfied with their current medications' ability to control symptoms were in general agreement with previous studies. 4, 17 Previous studies have reported that concordance of symptom burden and impact on HRQOL reports from physicians and patients are greater for patients with more severe COPD compared with those with milder disease. 21 In our study, there was reasonable concordance between physician-and patient-reported responses describing symptom burden, suggesting that physician-patient communication is not a barrier to improving care for patients with more severe disease, although it may be a factor for those with milder disease.
The data used in this study were collected from patients consulting their physicians in a routine care setting with no excessively restrictive exclusion criteria and, therefore, are representative of patients in a real-world clinical setting. However, this study has some potential limitations. Patients who consulted a physician and agreed to participate were included in the study; therefore, patients who consulted their physician more frequently or who were experiencing COPD-related symptoms may be overrepresented in the study population. Furthermore, the impact of undertreatment on symptom burden could not be evaluated and the focus of this study was symptom burden, and exacerbation rate was not included; therefore, only one dimension of the clinical burden was considered for patients with COPD. For these reasons, generalizability of our findings to the whole COPD population may be limited. It is also not known to what extent those patients who did not complete a patient self-completion questionnaire (and were therefore excluded from the analysis) differed from those who did complete the questionnaire; this circumstance may introduce a further bias of patient selection. In addition, the quality of data is dependent on accurate reporting of information by physicians and patients, although physicians were permitted to use patient records to limit errors in actual treatment, events, and comorbidities. As part of sensitivity analyses, the GOLD ABCD classification system was used to categorize patients based on their degrees of symptom burden and exacerbation risk. However, the timing of classification, whether at diagnosis or subsequent evaluations, may be subject to interpatient variation. Other limitations include the cross-sectional retrospective study design. Our report assessed associations between factors and did not identify causality, and retrospective reports of adverse events were not provided. We also did not assess the effect of patients receiving double or triple therapy on their symptom burden, which may further limit the interpretation of our results.
Conclusion
Despite receiving dual or triple therapy, a number of patients with COPD still reported major symptoms that affected their everyday lives and impaired their health status. For patients with COPD receiving dual or triple therapy, we found associations between symptomatic burden and adherence to treatment. Nevertheless, some highly adherent patients still had substantial symptom burden. Further research is necessary to identify novel treatment strategies for patients who continue to experience symptoms despite receiving dual or triple treatment regimens.
